as the sole menaquinone and phosphatidylethanolamine (PE) as the sole phospholipid and four unidentified lipids. The major cellular fatty acids (.10 %) were iso-C 15 : 0 (23.2 %), iso-C 17 : 0 3-OH (15.2 %), C 16 : 1 v7c/C 16 : 1 v6c (14.3 %), iso-C 15 : 0 3-OH (13.5 %) and iso-C 15 : 1 G (10.8 %). 16S rRNA gene sequence analyses indicated that strain D1
T belonged to the family Flavobacteriaceae and showed closest phylogenetic relationship to the genus Lutibacter, with highest sequence similarity to Lutibacter aestuarii MA-My1 T (92.2 %). The DNA G+C content of strain D1 T was 35.9 mol%. On the basis of phenotypic, chemotaxonomic and phylogenetic data, strain D1 T was considered to represent a novel species in a new genus of the family Flavobacteriaceae, for which the name Wenyingzhuangia marina gen. nov., sp. nov. is proposed. The type strain of the type species is D1 T (5CGMCC 1.12162
The family Flavobacteriaceae was first proposed by Jooste (1985) , validly published by Reichenbach (1992) and was subsequently emended by Bernardet et al. (1996 Bernardet et al. ( , 2002 . At the time of writing, the family Flavobacteriaceae comprises 112 genera (http://www.bacterio.cict.fr/) and is one of the major phylogenetic lineages within the phylum Bacteroidetes (Ludwig et al., 2011) . Species of the family Flavobacteriaceae have been isolated from a widely distributed and diverse range of marine and terrestrial habitats and have a special role in using high-molecular-mass dissolved organic matter (Simon et al., 1999; Kirchman, 2002; Bauer, et al., 2006) . During an investigation of culturable heterotrophic bacterial flora in a recirculating marine culture system in Tianjin, China, a Flavobacteriaceae-like bacterium, designated strain D1 T , was obtained. In the present study, the taxonomic position of the novel strain was investigated using a polyphasic approach. The results indicated that the strain represented a novel species in a new genus within the family Flavobacteriaceae.
The water sample was collected from a grouper (Epinephelus malabaricas) culture tank of a recirculating mariculture system in Tianjin, China. For isolation of bacterial strains, serially 10-fold diluted water samples were spread onto 1/10 diluted seawater Luria-Bertani [DSLB, containing 1.0 g tryptone (Difco), 0.5 g yeast extract, seawater 1 l, pH 7.5] agar plates and incubated at 25 uC for one week. Single colonies on the plates were picked up and strain D1
T which formed yellow colonies was obtained by repeatedly streaking the culture from a single colony onto new plates.
Growth was tested on marine 2216 agar (MA, Difco), trypticase soy agar (TSA, Difco), R2A agar (Difco) and R2A salt [R2A containing 3 % (w/v) NaCl] agar (R2ASA). Strain D1
T grew well on R2ASA and weakly on MA. No growth was observed on TSA and R2A. The strain was stored as glycerol stocks (15 %, w/v) at 280 u C. Routine cultivation was conducted on R2ASA unless otherwise stated.
Colonies on R2ASA were yellow, transparent, smooth, circular, convex and 1-2 mm in diameter after incubation at 25 u C for 3 days.
Cell morphology was examined using phase-contrast microscopy and transmission electron microscopy after negative staining with 1 % (w/v) phosphotungstic acid (H600; Hitachi). The Gram staining reaction was performed as described by Gerhardt et al. (1994) . Gliding motility was determined by the hanging drop method Dong & Cai (2001) and further investigated using phase-contrast microscopy on 24 h cultures of strain D1
T on microscopic slides coated with R2ASA (0.7 % agar), according to the method of Bowman (2000) . Catalase and oxidase activities and H 2 S production were determined according to the methods of Dong & Cai (2001) . Growth was tested at 10-40 u C (at intervals of 5 u C) and pH 5.0-10.0 (increment of 0.5 pH units) in R2ASA broth. The effect of pH on growth was determined using three different buffers (final concentration, 50 mM): sodium acetate buffer (for pH 5.0-5.5), sodium phosphate buffer (for pH 6.0-8.0) and Tris/HCl buffer (for pH 8.0-10.0). NaCl tolerance was tested on R2A broth with 0-10.0 % (w/v) final concentration of NaCl (1 % intervals). Hydrolysis of casein (50 % skimmed milk, v/v), L-tyrosine (0.5 %, w/v), starch (0.2 %, w/v), Tweens 20, 40, 60 and 80 (1 %, v/v) was tested according to the protocols of Gerhardt et al., (1994) with medium supplied with 3 % (w/v) NaCl. Oxygen requirement was determined by incubation in an Oxoid AnaeroGen system.
The presence of flexirubin-type pigments was investigated using 20 % (w/v) KOH solution (Reichenbach, 1992) . Pigments were extracted using acetone/methanol (1 : 1, v/v) from cells cultured in the dark then examined using a Unico (UV-2802H) spectrophotometer (Shanghai Optical Company). Strain D1
T did not produce flexirubin-type pigments, as shown by the negative colour shift of the KOH test. The specific absorption spectral peaks of carotenoid pigments at 450 nm (major peak) and 476 nm were observed in the pigment preparation of strain D1 T , indicating that it contained carotenoid pigments. The presence of carotenoid pigments and absence of flexirubintype pigments are consistent with results reported for other members of the family Flavobacteriaceae, such as Lutibacter aestuarii (Choi & Cho, 2006) .
Carbon source assimilation was determined using API 50 CH strips (bioMérieux) according to the manufacturer's instructions using API AUX medium supplied with 3 % (v/v) NaCl. Additional biochemical properties and enzyme activities were detected by API 20NE and API ZYM strips (bioMérieux). Susceptibility to antibiotics was determined using filter-paper discs (Beijing Pharmaceutical Company) containing various antibiotics as specified in the species description. The phenotypic properties of strain D1
T are given in Table 1 and in the genus and species descriptions.
Genomic DNA was extracted according to the method of Marmur (1961) . The DNA G+C content was determined by the thermal denaturation method (Sly et al., 1986) using the DNA from Escherichia coli K-12 as a control. The 16S rRNA gene was amplified from the genomic DNA according to the method of Kim et al. (1998) and the PCR product was sequenced by SinoGenoMax (Beijing, China). Pairwise similarity of the nearly complete 16S rRNA gene sequence of strain D1
T was determined on the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) by using identity analysis (Chun et al., 2007; Kim et al., 2012) . Phylogenetic analyses of related species were performed using neighbour-joining (NJ), maximumparsimony (MP) and maximum-likelihood (ML) methods with the MEGA program (version 5, Tamura et al., 2011) . The stability of the relationships was assessed by means of bootstrapping (based on 1000 replicates). 16S rRNA gene sequence analyses indicated that the strain D1
T belonged to the family Flavobacteriaceae. Strain D1
T showed the closest phylogenetic relationship with the members of the genus Lutibacter (90.5-92.2 % 16S rRNA gene sequence similarity) and formed a deep phyletic cluster in the tree (Fig. 1) . It exhibited highest sequence similarities to Lutibacter aestuarii MA-My1 T (92.2 %) and then to Lutibacter litoralis CL-TF09 T (91.8 %) and showed ,91 % 16S rRNA gene sequence similarities to other members of the family Flavobacteriaceae.
Isoprenoid quinones were extracted and analysed as described by Komagata & Suzuki (1987) . For fatty acid methyl ester analysis, the cell mass of strain D1
T was obtained from R2ASA after cultivation for 2 days at 25 u C at the late-exponential phase. The cellular fatty acids were extracted, methylated and analysed following the instructions of the Sherlock Microbial Identification System (MIDI 6.0 system). An Agilent GC 6890 gas chromatograph was used and comparisons were made based on the TSBA 6.0 database according to the standard protocols (Sasser, 1990) . The polar lipids of strain D1
T were extracted according to the methods of Kates (1986) and separated by two-dimensional TLC using silica gel 60 F254 plates (Merck). Spots of total lipids, phospholipids, aminolipids and glycolipids were visualized by spraying corresponding TLC plates with molybdatophospharic acid, molybdenum blue, ninhydrin and a-naphthol reagents, respectively (Fig. S1 available in IJSEM Online). Strain D1
T contained MK-6 as the sole menaquinone, the same as its closet relatives, the members of the genus Lutibacter (Choi & Cho, 2006) . The detailed fatty acid profile of strain D1
T is given in Table S1 . The presence of iso-C 17 : 0 3-OH and C 16 : 1 v7c/C 16 : 1 v6c as major fatty acids differentiated strain D1
T from members of the most closely related genera, Lutibacter (Choi & Cho, 2006; Park et al., 2010; Lee et al., 2012; Choi et al., 2013 and Park et al., 2013) and Polaribacter (McGuire et al.,1987; Gosink et al., 1998; Nedashkovskaya et al., 2005; Yoon et al., 2006; Lee et al., 2011; Fukui, et al., 2013; Kim et al., 2013 and Nedashkovskaya et al., 2013) . The polar lipids of strain D1
T were phosphatidylethanolamine (PE) as the sole phospholipid and four unidentified lipids (Fig. S1) . The presence of PE as the sole phospholipid is in agreement with the results reported for some members of the genus Lutibacter (Choi et al., 2013 , Nedashkovskaya et al., 2013 .
Although strain D1
T was most closely related phylogenetically to the members of the genus Lutibacter, it could be distinguished from species of the genus Lutibacter by differences in some phenotypic properties, such as oxidase activity, NaCl tolerance, hydrolysis of gelatin, H 2 S production, some enzyme characteristics and acid production from some carbon sources. In addition, DNA G+C content and the major fatty acid components also differentiated strain D1
T from members of the genus Lutibacter. Furthermore, the 16S rRNA gene sequence similarity between strain D1
T and the members of the genus Lutibacter was too low (89.5-91.4 %) to allow strain D1 T to be assigned to the genus Lutibacter. Strain D1 T showed ,90 % 16S rRNA gene sequence similarity to other members of the family Flavobacteriaceae. Several important phenotypic and chemotaxonomic properties such as some major fatty acids and polar lipids also differentiated the isolate from other taxa. Therefore, on basis of phenotypic, chemotaxonomic and phylogenetic data, strain D1 T is considered to represent a novel species in a new genus of the family Flavobacteriaceae, for which the name Wenyingzhuangia marina gen. nov., sp. nov. is proposed. Strictly aerobic and heterotrophic. Cells are Gram-stainnegative, non-flagellated, non-gliding short rods, or occasionally spherical bodies. Oxidase-and catalasepositive. Cells contain carotenoid pigments but not flexirubin-type pigments. MK-6 is the sole menaquinone. PE is the sole phospholipid. The major cellular fatty acids (.10 %) are iso-C 15 : 0 , iso-C 17 : 0 3-OH, C 16 : 1 v7c/ C 16 : 1 v6c, iso-C 15 : 0 3-OH and iso-C 15 : 1 G. The genus belongs to the family Flavobacteriaceae.
The type species is Wenyingzhuangia marina.
Description of Wenyingzhuangia marina sp. nov.
Wenyingzhuangia marina (ma.ri9na. L. fem. Adj. marina of or belonging to the sea).
Exhibits the following properties in addition to those given in the genus description. Cells are 0.3-0.5 mm wide and 0.5-1.0 mm long rods, or appear as spherical bodies Choi & Cho, 2006; Park et al., 2010 Park et al., , 2013 Lee et al., 2012; Choi et al., 2013); 3, Polaribacter (McGuire et al.,1987; Gosink et al., 1998; Nedashkovskaya et al., 2005 Nedashkovskaya et al., , 2013 Yoon et al., 2006; Lee et al., 2011; Fukui, et al., 2013; Kim et al., 2013 ) +, Positive; 2, negative; V, variable among species.
Characteristic 1 2 3
Highest salinity range ¡8 % ¡6 % ¡8 % Oxidase activity + 2 +* Hydrolysis of gelatin 2 +D +d Enzyme activity (by API ZYM) DNA G+C content (mol%) 35.9 30.6-41.6 30-34.6 *All were positive for oxidase activity except for P. filamentus. DAll were positive for gelatin hydrolysis except for L. agarilyticus. dAll were positive for gelatin hydrolysis except for P. dokdonensis and P. irgensii. §All were negative for b-galactosidase activity except for L. agarilyticus. ||No data available for P. butkevichii, P. filamentus., P. franzmannii, P. glomeratus or P. irgensii. No data available for L. flavus and L. agarilyticus. # All were negative for acid production from lactose except for P. reichenbachii and P. franzmannii, no data available for P. sejongensis. **All were negative for acid production from L-arabinose except for P. filamentus. DDAll were negative for acid production from D-xylose except for P. reichenbachii and P. butkevichii. No data available for P. porphyrae and P. sejongensis.
occasionally. The major polar lipids are phosphatidylethanolamine and four unidentified lipids. Growth occurs at 15-30 u C (optimum, 25 u C) and pH 5.5-9.0 (optimum, pH 6.5-7.0) and in the presence of 1-8 % (w/v) NaCl (optimum, 2-3 %). Colonies on R2ASA are yellow, transparent, smooth, circular, convex and 1-2 mm in diameter after incubation at 25 u C for 3 days. representatives of related taxa. Brumimicrobium glaciale ACAM 644 T (GenBank accession no. AF521195) was used as an outgroup. Numbers at nodes are bootstrap values .70 % (1000 replications). Filled circles indicate branches that were also recovered using both maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) tree-making algorithms with similar bootstrap values. Bar, 1 substitution per 100 nt positions. iso-C 13 : 0 , C 20 : 4 v6,9,12,15c, C 16 : 0 , C 16 : 0 3-OH, C 15 : 0 3-OH, C 15 : 1 v6c and anteiso-C 15 : 0 . Susceptible to (mg per disc unless otherwise stated) chloramphenicol (30), tetracycline (30), clindamycin (2), sulfamethoxazole (300) and penicillin (10 IU); resistant to gentamicin (10), streptomycin (10), oxacillin (1) and erythromycin (15).
The type strain is D1 T (5CGMCC 1.12162 T 5JCM 18494 T ), isolated from a recirculating marine culture system located in Tianjin, China. The DNA G+C content of the type strain is 35.9 mol%.
